Aims. A study of 12 ultracompact HII regions was conducted to probe the physical conditions and kinematics in the inner envelopes of the molecular clumps harboring them. Methods. The APEX telescope was used to observe the sources in the CO (4-3) and 13 CO (8-7) lines. Line intensities were modeled with the RATRAN radiative transfer code using power laws for the density and temperature to describe the physical structure of the clumps. Results. All sources were detected in both lines. The optically thick CO (4-3) line shows predominantly blue skewed profiles reminiscent of infall. Conclusions. Line intensities can be reproduced well using the physical structure of the clumps taken from the literature. The optically thick line profiles show that CO is a sensitive tracer of ongoing infall in the outer envelopes of clumps harboring ultracompact HII regions and hot molecular cores.
Introduction
The earliest phases of massive star formation are still poorly understood. We know that massive stars are being born in dense clumps within giant molecular cloud complexes. Ultracompact HII regions (UCHIIRs) embedded within these clumps represent a key phase in the early lives of massive stars (see review by Hoare et al. 2005) . UCHIIRs were defined by Wood & Churchwell (1989) to have sizes ≤ 0.1 pc, densities ≥ 10 4 cm −3 , and emission measures ≥ 10 7 pc cm −6 . In their environs, often hot (T > 100 K), compact (< 0.1 pc), and dense (n(H 2 ) > 10 7 cm −3 ) cores are found, some of which are believed to be in a stage prior to the formation of UCHIIRs .
A better understanding of these clumps is a crucial prerequisite for models of high-mass star formation. Several studies have attacked this topic in the past. In particular, conducted a C 17 O survey of 16 UCHIIRs and found typical sizes of 1 pc for the clumps and average densities and temperatures of 10 5 cm −3 and 25 K. These values, obtained under simple assumptions, are an important first approximation but the high luminosities and densities of the embedded hot cores show that a proper representation of the physical conditions of the clumps requires density and temperature Send offprint requests to: F. Wyrowski gradients. Hatchell & van der Tak (2003) present models with power laws for the density and temperatures that were constrained by the spectral energy distributions (SEDs) of the sources and single-dish continuum images and CS line data. One drawback of using CS is the abundance variation of this molecule with changing physical environments. Toward the sources studied by Hatchell & van der Tak (2003) , the abundance varies by almost three orders of magnitudes which suggests that within an individual envelope the abundance might also vary considerably. Therefore, in the inner regions of the clumps, mid-and high-J transitions of CO with a stable abundance in warm regions are better probes of the physical conditions.
One of the important results in the study of low-mass star formation has been the observation of infall motions (e.g. Belloche et al. 2002) , which give direct evidence of accretion. Toward high-mass star-forming cores, the observational evidence of infall is still very scarce (e.g. Wu & Evans 2004) . In addition to probing density and temperature, mid-and high-J lines of CO allow the kinematics of the cores to be probed, hence to search for further evidence of infall.
Here, we present a study of 12 UCHIIRs, mostly with associated hot cores, in the CO (4-3) and 13 CO (8-7) lines to probe the physical conditions and kinematics of the inner envelopes of the clumps harboring the UCHIIRs. 
Observations
The observations were made with the Atacama Pathfinder Experiment (APEX 1 ) in June 2005. The frontend used was the MPIfR dual channel (460 and 810 GHz) FLASH receiver (Heyminck et al. 2006, this volume) , which enables simultaneous observations of the 12 CO (4-3) and 13 CO (8-7) lines. As backends, the MPIfR Fast Fourier Transform Spectrometers (FFTS, Klein et al. 2006, this volume) were used for the line observations. The lines were covered with 2048 channels within a bandwidth of 1 GHz, resulting in spectral resolutions of 0.32 and 0.17 km s −1 . The spectra were converted from T * A to T MB units using forward efficiencies of 0.95 and beam efficiencies of 0.6 and 0.43 at 461 and 881 GHz, respectively. The CO (4-3) line was observed for several sources on two different days and the observed line temperatures agree within 20%. The beam sizes at the observing frequencies are 13 and 7
′′ . All observations were done in position switching mode on 1 This publication is based on data acquired with the Atacama Pathfinder Experiment (APEX). APEX is a collaboration between the Max-Planck-Institut für Radioastronomie, the European Southern Observatory, and the Onsala Space Observatory.
the UCHIIR positions given in Table 1 using off-positions  250 ′′ to the east. These sources were selected from the sample studied by with the addition of the two sources in W51. Pointing was done regularly on strong submm continuum sources in the sample (G10.47 and G34.26) and should be accurate within 2 ′′ .
3. Results Figure 1 shows the observed 13 CO(8-7) spectra compared with C 17 O (2-1) spectra from and line parameters from Gaussian fits to the spectra are given in Table 2 . All sources are clearly detected and show line shapes similar to C 17 O. Notable deviation from Gaussian shapes are seen in G10.62, with a strong red wing, and in G5.89-0.39, where the high velocity outflow wings are prominent. The 13 CO linewidths are in all cases typically larger by 2 km s −1 . While line broadening can be caused by high optical depths, the absence of complicated self-absorbed spectral shapes suggests rather moderate optical depths, hence a true increase in motions. For most sources, the ratio of the 13 CO(8-7) and C 17 O (2-1) line temperatures is the same within a factor 2, with G35.20-1.7 and W51D being the exceptions with much stronger 13 CO lines.
The observed 12 CO(4-3) spectra are shown in Fig. 2 compared with CS (7-6) spectra from Olmi et al. (1999) . All sources show complicated line profiles with selfabsorption and outflow wings. The self-absorption is in most cases redshifted compared to the velocity of the optically thin C 17 O lines, with only G9.62 and G35.20 showing a blueshifted self-absorption. The line shapes are either double peaked with a stronger blue peak or skewed to the blue. G9.62 is again an exception and G45.12 shows a rather symmetric profile. G5.89 is dominated by the strong outflow and absorbing foreground clouds (Klaassen et al. 2006 asymmetries in the line shapes of the CS (7-6) line are mostly consistent with those we find in 12 CO(4-3) but the self absorption is weaker. To quantify the asymmetries seen in the profiles to check for infall signatures (Table 3) , we determined the ratio of blue-to-red peak intensity for the 8 sources with 2 peaks. Seven sources show significantly stronger blue peaks, and the average ratio of the sample is 3.3, thus indicative of infall. For the remaining 3 sources with only one peak (G5.89 was omitted due to its strong outflow), we determined δv = (v thick − v thin )/∆v thin , the difference between optically thick ( 12 CO) and thin (C 17 O) line peaks over the optically thin line widths, which can be used as an infall indicator (Mardones et al. 1997) . For 2 sources δv is −0.5, hence clearly blue-shifted, and for 1 it is close to 0.
Discussion
The CO emission of the sources has been modeled with the Monte Carlo radiative transfer program of Hogerheijde & van der Tak (2000) . Besides collisional excitation, dust radiation is taken into account using grain properties from Ossenkopf & Henning (1994) , Model 5. The radial profile of the density, as well as inner and outer radii, were taken from the best-fit DUSTY models of Hatchell & van der Tak (2003, RATRAN code) based on single-dish maps of dust continuum and CS molecular line emission. They determined power laws for the density structure with power law exponents between -1.5 and -2.0 for our sample. RATRAN and DUSTY were used with the same dust properties. The temperature structure was then solved by DUSTY (Ivezić et al. 1997 ) in a self-consistent way. An isotopic ratio of 40 and 2000 was used for 13 CO and C 17 O, respectively, relative to 12 CO. To simplify the modeling, no variable velocity field was used but only constant, turbulent line widths. This is a reasonable approximation of the integrated intensities of lines that are optically thin or have only moderate optical depths; but for optically thick lines like the 12 CO (4-3) line, the resulting integrated intensities will depend crucially on the assumed velocity fields. Therefore, in Fig. 3 only the integrated 13 CO (8-7) and C 17 O (2-1) line intensities from the observations and the modeling are compared. For this comparison, the modeled intensities were determined from the RATRAN output images by convolving with the APEX and 30 m observing beams. The agreement between the modeled intensities using the Hatchell & van der Tak fit results and the observations is remarkable. The only large deviations are the predictions of the C 17 O intensities for G10.47 and G31.41 for which the outer radius of the clumps might be overestimated, and this mostly affects the C 17 O (2-1) lines and not 13 CO (8-7). Since the modeled lines probe very different excitation regimes and are completely independent of the data used by Hatchell & van der Tak, this agreement is a strong validation of the power law structure in T and n of the clumps.
The observed 12 CO profiles are very reminiscent of infall asymmetries routinely detected toward low-mass star-forming cores (e.g. Myers et al. 2000) . For individual sources, there is still the possibility that some of the absorption might be caused by colder foreground clouds, but this would not explain the general trend of redshifted absorption and most of the blue peaks being stronger. Also, in several cases the observed infall signature is consistent with results from interferometric observations where the infall is observed mostly in absorption using different molecules. Examples are G10.62 (NH 3 , Keto et al. 1988) , W51E (HCO + , Rudolph et al. 1990 ) and G29.96 (HCO + , Maxia et al. 2001) . We can infer a total of 9 out of 11 sources with infall evidence from the line profiles discussed in Sect. 3. The excess parameter E = (N blue − N red )/N tot , introduced by Mardones et al. (1997) to quantify the statistics of infall surveys, is for our sample 0.7, which is larger than for low-mass samples or the massive star-forming region survey by Wu & Evans (2003) . This might be a selection effect, since mostly UCHIIRs with associated hot cores, hence early stages of massive star formation, were targeted. It might also be related to using CO as an infall tracer. The excess parameter using CS for our sample would have been smaller. The high optical depths of the CO (4-3) line make it a very sensitive probe of infalling motions in the outer envelopes of the massive star-forming clumps. Therefore, while observations of much higher-J optically thick CO lines are needed to probe the kinematics in the inner part of the clumps, the CO (4-3) observations clearly show that in the outer parts (a remnant) infall is still going on.
In the near future, the upcoming CHAMP+ array -a 2x7 pixel heterodyne array for simultaneous observations in the 350 and 450 µm atmospheric windows to be installed at the APEX telescope in the middle of 2006 -will allow us to image high-J CO lines and then, together with proper models of the density and temperature structure, put further and tighter constraints on the velocity structure of the massive star-forming clumps.
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